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© Device for controlling the enqueuing and dequeuing operations of messages In a memory. 

© The subject device manages the access to message queues in a memory (6) by an enqueuer 2 and a 
degileuer 7 when the enqueuer has priority over the dequeuer. It solves the contention problem raised when the 
dequeuer dequeues the last message from a queue while the enqueuer is enqueuing a new one. A queue 
control block QCB and queue status bits E. A. D are assigned.*) each Queue and stored in memories 20 and 22. 
Each time dequeuer 7 performs a dequeuing operation It sets its D bit (dequeuer active) before updating the 
queue head field in the QCB block. When the enqueuer performs an enqueuing operation it sets an abort bit A, if 
it founds the D bit active and E bit active indicating that the queue contains at least one message to warn the 
dequeuer that it has to abort its proces if it is dequeuing the last message from the queue. 
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DEVICE FOR CONTROLLING THE ENQUEUING AND DEQUEUING OPERATIONS OF MESSAGES IN A 

MEMORY 



Field of the Invention 

The present invention relates to a device for controlling the enqueuing and dequeuing operations of 
5 messages in a memory and more particularly to such a device which manages the accesses to a queue of 
chained messages by an enqueuing means and a dequeuing means so as to solve the contention problem 
which is raised when the last message is dequeued from the queue while a new one Is being enqueued. 



io Background Art 

it is well known in the data processing art to give a plurality of data processing units the taxability of 
enqueuing and dequeuing elements to and from a queue located In a memory through pointers. To maintain 
« the integrity of the queue, a lock has to be Implemented between the data processing units. 

One prior art technique consists in implementing the lock Implemented vta Test and Set or Compare 
and Swap instructions, which Insure that only one unit may have access to the queue during an enqueuing 
or dequeuing operation. 

Another technique consists in serializing the queue accesses. The units access the queue by issuing 
20 enqueuing or dequeuing commands processed by a queue management device executing only one 
command at a time so that a lock is impGcrtfy implemented. 

US patent 4,482.956 describes a device which makes use of the Compare and Swap instructions to 
perform element insertions and deletions In a queue and of an additional dequeue lock which Is set on each 
time a unit dequeues an el ement to prevent any other unit from performing an element deletion at the 
25 same time. 

These prior techniques cannot be Implemented In systems where the enqueuing operations of one unit 
have priority over the dequeuing operations of the other units. For example, If a queue Is assigned to a 
receiving unit of a communication system Xr enqueuing the incoming messages which a'-J dequeued to be 
processed by a message processing unit of the communication system, the enqueuing operations can 
30 never be delayed. 



Objects of the Invention 

95 

An object of the invention is to provide a device capable of maintaining the Integrity of the message 
queues and solving the problems raised when the message enqueuing and message dequeuing requests 
arise at times which lead to contention situations. 

Another object of the invention is to provide such a device which is simple and does not impair the 
40 performances of the system incorporating It 

Summary of the Invention 



The invention relates to a device for managing the accesses by an enqueuing means and at least one 
dequeuing means to queues of chained messages in a first storing means, the position of each queue In the 
first storing means Is indicated by a queue control block associated to the queue, the queue control block 
Including head and tail fields, which are accessed by the enqueuing means to write the starting address of 
bo the first message into the head and tail fields to enqueue the first message and then to write the starting 
address of the next messages into the tail field to enqueue the next messages and by the dequeuing 
means to write the starting address of the next message in the queue Into the head field each time a 
message is dequeued from the queue. 

The device comprises: 
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a second storing means for storing the queue control blocks. 

a Siring means which contains queue status bits for each queue, mdudrng an^ptystetus ttt® 
SevSg « empty and not empty state indicating that the queue is empty or not .m abo^tusbrt having 
an abort state and not abort state and an active status bit having an active state and not actve Jto 
"queuing control means which are responsive to a request for enqueuing a message to a se^ed queue 
rSd b/the enqueuing means to first update the tail field of the queue control block of the 
w^e storting address of the message and then detect the state ol the empty status brt and active steh* 
ZsZ oi setected queue to set the abort status bit to the abort state if the empty status W and actve 
22s tZ » found in the not empty state and active states respectively and update ^adf^w* 
SHarfS address of the message and set the empty status bit to its not empty state rf the empty status 

SS h «2K^ - -pons^ve to a request ^ue^messag. f^se^ 
oZe raised by the dequeuing means to set the active status bit of the selected queue to its ac^stetus^ 
Zde^^thTquJcon^ns on.y one message ar^ifyes test me ^^^22^ » 
dSueing process if the said bit is found in the abort state or perform ^^"l^TI^i^ te 
isfound I hi Tthe not abort state and set the empty status btt to te empty state and the actve status brt to rts 

wh^tnTSntention problem raised when the test message is dequeued from a queue when a new one 
is being enqueued is solved. 

Brief Description of the Figures 

Figure 1 shows a block diagram of a system incorporating the device of the subject Invention. 
Figure 2 shows the buffer organization of the data store 6 sBown in figure 4. - _ 
Figure 3 shows how messages are chained and queued. 
Figure 4 Is a more detailed representation of the block diagram of Figure 1 . 

Figure 5 shows the logics, operations which are performed by the enqueuer device 2 and memory 
» access managers 24 and 26 to enqueue a message to a queue. m 
F^ure 6 shows the logical operations which are performed by the dequeuer device 7 and memory 
access managers 24 and 26 to dequeue a message from a queue 

Detailed Description of the Invention 

36 

The present invention allows to solve the contention problems which often arise 
needed by a plurality of devices to perform their operations. It will be more particularly described when 
ZfemenTed in a line adapter of a communication controller. In such an environment, the messages wh«* 
„ r Z^^netwS users attached to the line adapter have to beer«ueued 

» that the enqueing operation cannot be interrupted by any other operation and must have pnonty over 

TJcZSS* shown in Figure 1 . the data are received from a plurality of k users ^mbus^es 1 -Ito 
14c a^d assembled into messages which are chained together by message enqueuer device 2 ^and then 
<s enaueued to line inbound queues LIQ which are built in a data store 6. There is one One inbound queue UQ 
oeVTsTbSl in data store 6. The accesses to data store 6 are controlled by a data store access controller 
Access control information with message enqueuer 2 through control bus 3 and receives 
data to be written into the data store from a data bus 4. . _ . „ a „- H ^ „ 

The messages which are enqueued In the Bne inbound queues have to be ^ ueu ** * 8 

so mew £2*0 device (not shown In the Figure, to be processed by ^ ^mun^^o^ 
TbTmessage dequeuing operations are performed by a message dequeuer dance 7 which exchanges 
^sTcoX information wTm me data store access controller 5 through a control bus 8 and recess the 
data read from the addressed location of the data slore through a databus* 

The invention will be described assuming that there Is only one message J*"^" " 

ss explained at the end of the specification how the invention can be Implemented when there are several 

^SEJ2T«**r 5 generates the address and «£"" 

10 ano line 12 respectively, from the control s,gnals on busses 3 and 8. The data read horn or to be wntten 
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into an addressed location are carried between the data store 6 and data store access controller 5 by 
means of data bus 11. 

The data store access controller 5, which will be described later on controls the memory accesses 
requested by the enqueuer and dequeuer devices 2 and 7 and solves the contention which arise in some 
5 cases because the link inbound queues are shared by two processing layers: the enqueuer device 2 and 
the dequeuer device 7. 

In a preferred embodiment of the present Invention, the link inbound queues are built into a data store 6 
which is divided in logical pages which are arranged as shown in Figure 2. 

Each page V is divided into m + 1 buffers, namely buffer 0, buffer 1.. and buffer m. The first buffer 0 
io is divided into m + 1 control blocks, with one control block assigned to each buffer 1 1 to m. 

In a typical implementation, the logical page comprises 512 4-byte words so that a logical page address 
corresponds to a 512 word boundary. One logical page comprises seven (tela buffers and one control 
buffer, each buffer comprising 256 bytes. The control buffer of a given logical page contains the buffer 
control blocks of the seven buffers of this page, so that there is a fixed and simple relationship between the 
is address of a data buffer and the address of its corresponding control block BCB, which is shown in Figure 
2. 

A data buffer address comprises a logical page address field containing n bits pO to p(n-1) to address a 
given page, then a data buffer field address containing three bits bO, b1 and b2 (assuming that the page 
contains seven data buffers) and then a data buffer word address field. 
20 The corresponding buffer control block BCB address comprises the same logical page address field, 
then three control buffer address bits which are set to 0 and then bO, b1 and b2 bits which address the 
corresponding BCB and a BCB word address which comprises three bits in the case a BCB comprises 
eight words. So. the address of a buffer control block can be easily derived from the corresponding data 
buffer address and vice versa. 
25 • In the data store 6, a variable number of data buffers are chained together to be able to store messages 
of Sariable* length: the cfealns of data butters associated witti a queue control block QCB constitute the One 
inbound queues. The buffer chaining is shown In Figure 3. A message can be contained In several data 
buffers. Each buffer control block BCB associated to a data buffer is divided into two blocks: the BCCB 
block and MCCB block . The BCCB block contains Information relating to the buffer chaining wJMn a 
30 message and the MCCB block contains information relating to message chaining. 

The message chaining control block MCCB comprises at least the address of the first buffer of the next 
message and the buffer chaining control block comprises at least the address of the next buffer. 

Figure 3 shows the chaining mechanism of three messages. The first message is chained, in a plurality 

of buffers, three buffers B1-1 to B1-3 are shown in Figure 3. The buffer chaining control block of the first 
35 buffer B1-1 of the first message stores the address of the second buffer. B1 -2 of the first message and the 
message chaining control block of the first buffer of trwTfirst message stores the address of the first buffer 
B2- 1 of the second message, etc. 

The address "FFFF" in the MCCB of the first buffer of a message means that this buffer Is the first 
buffer of the last message of the queue and the address "FFFF", in the BCCB of a buffer means that this 
40 buffer is the last buffer of a message. 

A queue control block QCB Is assigned to each user which can build a queue in the data store, 
messages are enqueued to a queue by writing the address of the first buffer of the first message in a head 
field of the QCB and the address of the first buffer of the last message In a tail field of the QCB. 

The UQ head field is written by: 

45 0 the enqueuer 2 when it enqueues the first message in the UQ - 

0 the dequeuer 7 when It dequeues any message from the UQ. except the last 

The UQ head field is read by: 
0 the dequeuer 7 when it dequeues a message. 

The UQ tail field is written by: 
so 0 the enqueuer 2 when It enqueues a message 

The UQ tail field is read by: 
0 the dequeuer 7 to know it dequeues the last message of the UQ, (in this case UQ-head ■ UCRall). 

Figure 4 shows the data store access controller 5 In more details. 

It comprises a first random access memory RAM 20 which is separate from the data store 6. This 
55 memory 20 is a fast memory used for storing the queue control blocks QCB of the UQ queues to be built In 
data store 6. In memory 20, there Is one addressable location per queue which can be built in data store 6. 
This allows the queue control blocks to be accessed, even if the data store 6 is being written or read. 

A second random access memory 22 which also comprises an addressable location per queue which 
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can be built is used to store the queue status of each queue, as will be described later on. This memory is 
called the queue status table memory QST. 

The two memories 20 and 22 can be accessed by the enqueuer 2 and the dequeuer 7 by means of 
access managers 24 and 26, respectively. 

The accesses to data store 6 by enqueuer 2 and dequeuer 7 are controlled by data store access 
manager 28 which provides the addresses to be accessed on bus 10, a read/write control signal on line 12. 
The data read from data store 8 or to be written into data store 6 are carried by data bus 11. 

Each time the enqueuer 2 has assembled 256 bytes of a message, K activates the buffer request One 
30. Data buffer supplier device 32. Is responsive to the buffer request signal to provide me address of a free 
buffer to enqueuer 2. This operation will not be described any further since it is not part of the subject 
invention. 

The address of the first buffer of the message is saved in a received message address register RMA 36 
under control of the "start of message" signal generated by enqueuer 2 on line 3a 

Enqueuer 2 provides its data store addresses on bus 40. a write control signal on line 42 and the data 
75 to be written into the data store 6 on bus 44. to the data store access manager 28: 

Also, dequeuer 7 provides its data store addressses on bus 46. a read control signal on line 48 to the 
data store access manager 28. the data read from the addressed location in data store 6 are provided to 
dequeuer 7 though data bus 50. 

The data store accesses from enqueuer 2 and dequeuer 7 are initiated by a request signal on a request 
line of busses 52 and 54. The access is granted by data store access manager 28 which returns a grant 
signal through bus 52 and 54. Priority is given by data store access manager 28 to the request originating 
from the enqueuer 2. 

The QST memory 22 stores a table which allows improved test and set functions to be performed in 
order to solve the contention situations. Each queue has a corresponding entry in the table. 

Three status bits are needed: Empty status bit E, Abort status bit A and dequeuer active bit D. 
The E bit indicates the status of . the queues, A and D bits are used to manage the contention situations. 
The contention can appear when the dequeuer 2 Is dequeuing the last message while the enqueuer 7 is 
enqueuing a new one. Because the enqueuer has priority, the contention is solved by aborting the process 
by the dequeuer 7, as will be explained later on. 
30 The three status bits in memory have the following functions: 

E bit: this bit indicates if the corresponding queue is empty or not 
E = 0 empty state 

. E *-1-not empty -state- - • •■ #■ .-••t*~». .%..,. 

This bit Is set to the not empty state when the first message is enqueued in the queue, by activating a 
as set E bit signal on line 56 which is provided to QST access manager 26 to cause the E bit to be written into 
memory 22. 

D bit is set by the dequeuer when it begins to dequeue a message. 
D = 0 dequeuer not active state 
0 = 1 dequeuer active state 
40 A bit: this bit is set by the enqueuer when it finds the D bit active to signal that it is enqueuing a 
message. If the dequeuer was dequeuing the last message it must abort its process. This bit is set by the 
enqueuer 2 and reset by the dequeuer at right times as will be described later. 
A = 0 not abort state 
A = 1 abort state 

45 Message enqueuer 2 and access managers 24 and 26 comprise logic circuitry arrangements not shown 
in Figure 4. which perform successive operations described in Figure 5. 

All the operations which are performed for chaining the received messages as shown in Figure 3 are 
not described since they are not part of the present invention. The contention problems can only arise when 
the enqueuing operation is performed, i.e when the queue control blocks are updated, 
so When enqueuer 2 detects the end of message (operation 81) it causes the message which has been 
stored in chained buffers in data store 6 to be enqueued to a UO queue UCH assigned to the message 
receiving bus 1-i (operation 62). 

This is done by updating the TAIL field of the queue control block QCB-i and writing in this block the 
address saved in RMA register 36. 
55 Enqueuer 2 raises the request line of request/grant bus 58 to OCB access manager 24. QCB access 
manager grants the QCB access by returning a grant signal on grant line of bus 58 and a selection signal 
on selection fine 59 to memory 20. 

When receiving the grant signal, enqueuer 2 provides the UQh address on address bus 60 to QCB 
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access manager 24, together with a write control signal on line 62 and the content of the RMA register on 
QCB data bus 64 to cause the tail field of the QCB to be updated. QCB access manager 24 provides the 
write control signal on Read/Write line R/W 67, the LIQ-i address on address bus 61 and the RMA data on 
data bus 65 to memory 20. 

s Then, enqueuer 2 sends a request signal to QST access manager 26, on request line of request/grant 
bus 66. QST access manager returns a grant signal on grant line of bus 66 to grant the access of the QST 
access manager 64 to the enqueuer. When it receives the grant signal the enqueuer activates the Test and 
Set- 2 line 68 (operation 83). The QST access manager Is responsive to the activation of line 68 to perform 
a test and set function (operation 84) which consists In reading the RAM QST-i position assigned to UQ-i 

io and writing new values in this position as a function of the initial read values and returning the E initial read 
value to the enqueuer 2 through initial E value line 70, as indicated below: 



15 



40 



50 



TABLE l 



Test and Set Enqueuer 2 



Initial values Final values E initial value 

20 (read) (written) (line 70) 



0 
1 
1 



25 



(read) 




(written) 


E A 


D 


E A D 


0 0 


0 


0 0 0 


! 0 


0 


1 0 0 


1 0 


1 


1 1 I 



The QST access manager 26 accesses the RAM QST 22, by sending a select signal on line 72, a 
read/write control signal on line 74, the queue address on address bus 76. The read data bits are provided 
30 through data bus 78 to the QST manager 26 which writes the final values E, A, D. Then the enqueuer 2 
tests the E initial value on line 70 (operation 85). 

If this value is equal to 0, it accesses the QCB access manager 24, sends the queue address on bus 60 
and the content of register RMA 32 on the QCB data bus 64 to write the received message address in the 
x head field of the queue control block (operation 86). Then, it activates the set E bit line 56 to set the E bit to 
35 1 in the QST table (operation 87). 

If the initial E bit on line 70 is found equal to 1, the enqueuer 2 requests an access to the data store 
access manager to write the content of the RMA register 36 into the MCCB of the old tail register, the 
address of which was saved in operation 82. 

The dequeuing process will now be described in reference to Figure 6. 

The process is started by a dequeuer scheduler 100 which successively read the E bit value of each 
queue in the RAM QST 22, The dequeuer scheduler 100 sends the LIQ addresses on bus 102 together with 
a read E bit control signal on line 104 to QST access manager 26. QST access manager accesses the RAM 
QST 22 to perform the requested read operation and provides the E bit to scheduler 100 through line 108. 
The scheduler 100 provides the address of the queue for which the E bit is found equal to 1 to the 
dequeuer 7 through bus 108 together with a wakeTup'signal on line 110. This signal causes the dequeuing" 
process to be initiated for th8 UQ queue. 

In a first operation 201, the dequeuer makes an access to the QCB access manager 24 by activating 
the request line of bus 114 and when the QCB access manager 24 returns the grant signal on the grant line 
of bus 114, dequeuer 7 provides the queue address on bus 60, a read head control signal on line 116 to 
read the address of the first message in the queue, which is provided to the dequeuer by QCB access 
manager through data bus 118. 

Then, the dequeuer sets the D bit to 1 by activating the set D bit line 120 (operation 202 so QST 
access manager 26). 

Then, the dequeuer accesses the QCB access manager 24 to read the QCB tail, by sending the queue 
address on bus 60 and activating line 122 (operation 203). 

The old LIQ head read and saved in operation 201 is compared to the LIQ tail (operation 204). 
If an equality is detected, meaning that the last message is being dequeued, last message line 124 is 
activated (set to 1), (operation 205), then a test and set line 126 is activated to initiate a test and set 
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function to reset the E bit or not depending on the abort condition bit. es indicated in toe table below 

{OPe «T™u^ is detected, .as. message One 124 is set to 0. (operation »7) and 

Sate sZ access manager 28 to read the address ot ^wquet^m^ MCCB of toe buffer 

having the address indicated in the old queue head saved at step 201. (openit™ 208). 

Sen. the dequeuer accesses the OCB memory 20 to update toe queue headfleUin ^<JBRAM20 

by wriSg the address of the new queue head buffer read in operation 207. m the head field of the queue 

control block (operation 209). fc^-H-, oim 

The test and set line deq-7 126 is activated to reset the 0 and A bite (operation 210). 
^ SoSna table indicates the final values which are written Into the OST table 22 and the stetus <* 
ESSES depending upon the initial values read from the tab* 22 when toe test and set .me 126 

Is activated (operations 208 and 210) and the stetus of the tot message line 124. 

TABLE 2 
Test and Set Dequeuer 7 



35 



E A D 
0 10 0 0 



(read) 
E A D 

I * I 



I 0 I I 
111 1 



0 0 0 o 
10 0 1 



50 



55 



When the abort line 130 is set to 1. the dequeuer aborts its process. 
Claims 

1 A device tor managing toe accesses by an enqueing means (2) and a dequeuing 

queued chained messages In a first storing means (6). the position of eachque ^Jj**^ 
being Indicated by a queue control block associated to toe queue, toe queue con** Wock including 
Z^S* r«W whiJare accessed by toe enqueuing means to write the mg. addre* oft £M 
m^naoe Into the head and tail fields to enqueue the first message and then to write the storting ««««« 
to^me^s into the tail field to enqueue the next messages and by toe dequeuing means to wnto 

2 stelgldXs of toe next message in toe queue into toe head field each time a message is dequeued 

tho mtAiift said device beina characterized in that it comprises: 
Ts^ Sg meTS) ^storing toe queue control blocks, a third storing ^<f^~^ 
au^ rtatus bite for each queue, including an empty stetus bit (E) having anem^arxl not empty stete 
indiSi^ the queue is empty or not an abort stetus bit (A) having an abortus i and not abort state 

, an status bit (D) per dequeuing means having an active state and not active state. 
e^ru^Tmls 24. 26 Figure 5) which are responsive to a request la enqueuing . Message to 
T^ZZ queue raised by the enqueuing means to first update the tail field of the queue iconW Ibtodr of 
toe^Sctd queue with the starting address of toe message and then detect the state of toe empty «*■ 
W aTSve stetus bit to set toe abort stetus bft of toe selected queue to meabortsteteif toe empty 
^Th^nd active status brt are found in the not empty state and active stete respectively and .f the 
^SiSTS the empty stete. update toe head field with toe starting address of toe message 

and cot the emotv status bit to its not empty state. 

Sufue^So. means (24. 26. Figure 6) which are responsive to a ^ 
w «. LiLted aueue raised by the dequeuing means to set the active stete tot of the selected queue to 
TJ^Z ^^S^eco^ only one message and if V^^status 
WtSaSt me dequeuing process if me said bit is found In toe abort state or perform thedequeumg 
ot^on^uW said tot is found in the not abort stete and set the empty stetus bit to its empty *ate and toe 

active status bit to its not active state; o 
STebYtos contention problem raised when toe last message is dequeued from a queue when a new one 
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is being enqueued is solved. 

2. A device according to claim 1 characterized in that it comprises first access control means (24) for 
controlling the accesses to the second storing (20) means and second access control means (26) for 
controlling the accesses to the third storing means (22), 

s the first access control means being responsive to a request for enqueuing a message on a selected queue 
raised by the enqueuing means to first read the tail field of the queue control block and save the read value 
and then to write the starting message address in the tail field. 

and the second access control means being responsive to the activation by the enqeuing means of an 
access control signal (68) when the tail field has been updated, to read the queue status bits in the third 
70 storing means and set the abort status bit to its abort status if the empty status bit and active status bit are 
found in their not empty and active states respectively and left them unchanged if they are in any other 
states and provide the read value of the empty status bit to the enqueuing means through an initial empty 
value line (70). 

3. A device according to claim 1 or 2 characterized in that the enqueuing means is responsive to the value 
75 of the empty status bit on the initial empty value line (70) to cause the queue control block to be accessed 

by the first access control means if the empty status bit indicates that the queue was empty, to write the 
starting address of the message to be enqueued in the head field of the queue control block and then to 
cause the queue status bits to be accessed by the second access control means to set the empty status bit 
to its not empty state. 

20 4. A device according to claim 3 characterized in that each message in the first storing means is associated 
with a message control block (MCCB) in which the starting address of the next message is stored. 

5. A device according to claim 4 characterized in that the enqueuing means is responsive to the value of 
the empty status bit on the initial empty value line (70) indicating that the queue to which a message is to 
be enqueued was not empty, to access the first storing means to write the starting address of the message 

25 to be enqueued in the message control block of the message in the queue identified by the tail field content 
saved at the beginning of the enqueuing process. 

6. A device according to any one of claims 2 to 5 characterized in that the second access control means 
are responsive to a request (110) for dequeuing a message from a selected queue raised by the dequeuing 
means to set the active status bit for the selected queue to the active state and are then responsive to a 

30 last message signal activated by the dequeuing means on a last message line (124) when the queue" 
contains only one message to access the third storing means and read the status bits of the selected queue 
and set the empty status bit and active status bit to the empty state'and not active state respectively if the 
abort bit is in its not abort state and set the abort status bit and active status bit in the not abort and not 
-active state if the abort status bit is in its abort state and activate an abort line (130) to send an abort control 

35 signal to the dequeuing means so as to cause the dequeuing process to be aborted. 

7. A device according to claim 6 characterized in that when the last message line is not activated, the head 
field is updated with the starting address of the next message and the second access control means are 
then activated by the dequeuing means to set the abort status bit and active status bit to their not abort and 
not active state respectively. 8. A device according to claim 6 or 7 characterized in that the dequeuing 

40 means comprise means (204) for comparing the head and tail fields read at the beginning of the dequeing 
process for activating the last message line when they are found equal. 
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